Abstract
average body weight at slaughter and levels of mortality and culling were unaffected The effectiveness of environmental enrichment is thought to rest on the biological 48 significance of the enrichment for the target species (Newberry, 1995) . The provision 49 of straw bales may enable the performance of behaviours that have the potential to 50 improve the welfare of commercial broiler chickens. Bales may conceal birds from 51 any perceived threats during the performance of resting and preening behaviours (Newberry and Shackleton, 1997) , which may reduce stress. Foraging behaviour has 53 been shown to be increased in laying hens provided with access to straw on the 54 ground compared to those without access (Aerni, 2000) . The addition of dry straw to 55 the litter from the dismantlement of straw bales by birds may therefore promote 56 increased levels of ground pecking or foraging, which are typical fowl behaviours.
57
This may also improve litter quality and, combined with increased activity levels, However, more recent research carried out in windowed houses suggests that straw 65 bales, provided at a density of approximately 1 bale per 44m 2 of floor space, had no 66 significant effect on activity levels (Bailie et al., 2013) . Provision of straw bales within 67 the latter study did, however, exert some positive effects on leg health; a factor 68 which was not measured in the study by Kells et al. (2001) . The difference in the 69 effect on activity levels observed in these 2 studies may have been attributable to the 70 difference in the density of straw bales supplied within houses.
RSPCA Freedom Foods scheme, for example, requires a minimum of '1.5 standard 78 sized, long chopped straw bales per 1000 birds', in addition to perches and pecking 79 devices and access to natural light (RSPCA Welfare Standards for Chickens, 2011).
80
Several large UK retailers also advertise birds from their improved welfare chicken 81 ranges as having been reared in windowed houses with access to straw bales,
82
although the numbers and density of bales supplied is not specified to the consumer.
83
The aim of this experiment was to determine the effects of two levels of straw bale 
Materials and Methods

98
Treatments and experimental design 99 The effects of straw bale (SB) density on the behaviour and welfare of broiler 100 chickens was assessed in a study incorporating 2 treatments:(1) thirty straw bales Ltd., UK).
142
The artificial lighting regime used was normal practice for the commercial supplier were also missing from the analysis for both houses. Histograms and QQ plots of the 237 data were scrutinised for normality, and data were subjected to statistical testing for 
Results
272
Environmental parameters
There was no significant difference in light intensity (30SB 57. (Table 3) .
292
The average percentage of time spent walking decreased with age, whereas the 293 percentage of time spent standing, resting, preening, eating, drinking, being idle, 294 being disturbed and ground pecking were unaffected by age ( Table 2 ). The (Table 3 ). There was no significant effect of age on the percentage of time spent lying, dust bathing, being aggressive, bale pecking and 298 being vigilant (Table 3) . 
308
There was a significant increase in gait score with age (week 3 0.68, week 4 1.21, welfare-related parameters such as activity levels, walking ability or incidence of 334 podo dermatitis and hock burn. However, no significant differences in slaughter 335 weights, mortalities and culls were evident between treatments, suggesting that 336 increasing the density of straw bales had no detrimental effects on productivity.
337
As the present study was performed in windowed houses, it is possible that N/A = non applicable, SB = straw bales, for the effect of straw bale density on all behaviours (df 1, 25). Wk= week, for the effect of age on all behaviours (df 2, 25). R.M.S.E = root mean squared error. Data analysed by ANOVA with 'SBdensity*Week' as a treatment factor and 'House' as a blocking factor. a,b means (within either the frequency or duration behaviour category) in the same row with a different superscript differ significantly. Data not presented in this table were not normally distributed and were therefore analysed using a Kruskal-Wallis test, the results of which are detailed in Table 3 . N/A = non applicable, SB = straw bales, for the effect of straw bale density on all behaviours (df 1, 25). Wk= week, for the effect of age on all behaviours (df 2, 25). R.M.S.E = root mean squared error. Data analysed by ANOVA with 'SBdensity*Week' as a treatment factor and 'House' as a blocking factor. a,b means (within either the frequency or duration behaviour category) in the same row with a different superscript differ significantly. Data not presented in this table were not normally distributed and were therefore analysed using a Kruskal-Wallis test, the results of which are detailed in Table 3 .
